occurred in a An epizootic of abortions, weak lambs, stillbirths, and congenital arthrogryposis-hydranencephaly sheep flock in West Texas. The outbreak began during the first week of January 1987 and continued through the third week of February 1987. Lambs born after February 1987 were not affected. A high incidence of antibodies to Cache Valley virus (Texas 7856 isolate) was demonstrated in the ewes' serum and in precolostral serum from affected lambs. No virus was isolated from tissues and body fluids of the affected lambs. T h e clinical, pathological, and immunological features of the epizootic were similar to those reported in Akabane virus infection in sheep. Although serological findings strongly suggest Cache Valley virus as the etiological agent of this outbreak, transmission studies are needed.
An epizootic of arthrogryposis-hydranencephaly (AGH) and other central nervous system and muscular-skeletal defects occurred in newborn lambs at the Texas A&M University Agricultural Research and Extension Center at San Angelo, Texas, in 1987. An increase in stillbirths, mummifications, and weak lambs was also a feature of the epizootic. The outbreak began on January 5, 1987, and continued through February 19, 1987. Lambs born after February 19 were not affected. The loss of lambs attributed to this outbreak was 18.6% of the lamb crop. There were no clinical signs observed in the dams with affected lambs.
The breeds of the affected sheep consisted of Suffolks, Rambouillet, Finns, and crossbreeds. They were pastured on a flat plain in West Texas, adjacent to a man-made lake. The first ewes having affected lambs were descendants from Booroola rams imported from New Zealand in 1984-1985. Akabane virus 10 was first considered as a cause because of the origin of the rams and the similarity of the condition to that reported in Australia 3, 12 4 Since that time, CVV has been isolated from a wide range of mosquito vectors and mammalian hosts. The first isolation of the virus from domestic ruminants (sheep and cows) was in Texas in 198l. 8 The virus was isolated from the blood of a sick ram in West Texas and from an apparently healthy cow in northeastern Texas. The virus is widespread in the United States, occurring in at least 22 states. 1 Although CVV activity had been demonstrated earlier in Texas deer, 5 clinical illness was not associated with the infection. A limited serological survey conducted on Texas sheep serum collected in 1981 showed that the virus was widespread in the Texas sheep population, with a 19.1% infection rate. 2 Texas cattle were also known to have antibodies to CVV. This paper describes an outbreak of AGH in sheep and reports the results of serological tests performed in an attempt to establish the causative agent.
Materials and methods
Cell culture. African green monkey (Vero) cells were grown on Eagle's minimum essential medium (MEM) supplemented with 0.5% lactalbumin hydrolysate and 10% fetal bovine serum (FBS). Maintenance medium consisted of MEM with 2% FBS. All media contained 200 IU/ml penicillin, 200 μg/ ml streptomycin, and 50 μg/ml gentamicin.
Virus. A pool of Cache Valley virus strain 7856, isolated from a sheep in 198l, 8 was prepared and titrated in Vero cells.
Specimens for virus isolation and serological testing. Necropsy specimens from affected lambs consisted of heart blood, thymus, brain stem, ependyma, liver, lung, and cerebral spinal fluid. Placental tissue and buffy coats were collected from ewes with affected lambs. Serum was harvested from clotted blood collected from different ages and groups of sheep. Precolostral serum was collected from affected lambs. No pre- Weak, small trachea 32 Normal Normal colostral serum was available from normal lambs. All specimens for isolation studies were stored at -70 C until tested.
Virus isolation studies. Each necropsy specimen was prepared as a 10% suspension in MEM. Vero cell cultures grown in tubes were inoculated with 0.1 ml of each tissue suspension and buffy coat and incubated at 36 C. After 5-6 days incubation, the cultures were frozen, thawed, and one blind passage was made in Vero cells. Litters of 1-2-day-old Swiss albino mice were inoculated intracerebrally with 0.01-0.02ml amounts of the 10% tissue suspensions and buffy coats. All mice were observed for illness or death for 28 days.
Serological studies. Serum neutralization tests for CVV antibodies were performed in microtiter plates using Vero cells and constant virus (200-400 TCID 50 ) and varying serum dilutions. CVV immune and negative sera were used as controls. Serum samples were tested for bluetongue virus (BTV) precipitating antibodies by the agar gel immunodiffusion (AGID) test. 13 Antibodies to bovine virus diarrhea (BVD) virus were tested for by the MDCF test. 15 All sera were heat inactivated at 56 C for 30 min.
Results
No virus was isolated in Vero cells and suckling mice inoculated with tissues and body fluids from deformed lambs or from buffy coats and placenta from ewes with affected lambs.
Eight ewes having single or multiple lambs with a variety of pathological defects had neutralizing antibody titers to CVV ( Table 1 ). The titers of the ewes ranged from 18 to ≥ 1,024. Heart blood from 4 affected lambs tested was seropositive for CVV.
The results of serum neutralization tests for CVV antibodies of the different groups of sheep are given in Table 2 . The seroconversion rate (60.8%) of the group of ewes with affected lambs (Jan-Feb 1987) and that (62.5%) of the ewes that lambed later (Apr 1987) without affected lambs are similar. All precolostral lamb sera were negative for BTV and BVD virus antibodies. Twenty percent of the ewe sera tested contained BTV antibodies and all were negative for BVD virus antibodies.
The yearling lambs kept on pasture had a seroconversion rate of 78%, whereas those lambs that were maintained inside were all negative. Only one lamb of the ram-sale group had antibodies to CVV.
Discussion
The epizootic of AGH in lambs described in this study mimics a condition in cattle, sheep, and goats caused by Akabane virus. The pathological features of the two conditions in sheep appear to be identical. Each is characterized by epizootics of congenital arthrogryposis ( Fig. 1) -hydranencephaly, agenesis of the brain and spinal cord, abortion, weak lambs, mummification, and other muscular and skeletal defects of term fetuses. The infected ewes do not show clinical signs of illness during pregnancy. Immunologically, the serum of ewes with affected lambs and the precolostral serum of affected lambs have antibodies against the virus. The failure to isolate a virus from body fluids and tissues from term fetuses was also experienced by those investigating the early outbreaks of Akabane virus infection in sheep and cattle. 3 The serological results show clearly that a high percentage of the pastured sheep at the Texas Agricultural Research and Extension Center had been infected with an agent identical to or closely related to the Texas 1981 CVV isolate. The presence of the CVV neutralizing antibodies in the precolostral sera of the term lambs may explain the failure to isolate virus. Specific antibodies to Akabane virus have been demonstrated as early as 76 days gestation after ewes were exposed to the virus. 11 All fetal sera from affected lambs tested by us and others were shown to be positive for CVV antibodies.
The similar infection rates to CVV in the two groups of ewes with and without affected lambs are of special interest. There was a period of approximately 3 weeks after the last affected lamb was born when ewes stopped lambing. When the ewes began lambing again, no more deformed lambs were born. It is suggested that this lapse in lambing and the termination of the outbreak were due to either or both of the following. These late ewes experienced early fetal deaths followed by reabsorption and were rebred and/or the ewes were just bred later after they had experienced the viremic phase of the infection with CVV.
During the initial phase of the investigation of this epizootic, other possible causes considered were a poisonous plant (Solanum dimidiatum), border disease, and bluetongue virus infection. Precolostral sera were tested for antibodies to BTV and BVD virus and were found to be negative. Because BTV is endemic in Texas sheep, the positive serologic results in some ewes were expected. There was, however, no correlation between the positive BTV ewes and those having affected lambs. The poisonous plant concern was dismissed on the epidemiological finding that it was not present in all pastures where AGH occurred.
The breeding program coincided with an unusually wet, rainy season during the summer in the San Angelo area. The rams were added to the flock on August 9, 1986, during the wet weather. Consequently, the mosquito population was very high during this time period. In support of vector transmission, 78% of a group of yearling lambs pastured at the San Angelo Station had antibodies to CVV. Another group of the same age housed inside and protected from flying insects was all serologically negative. The 1.0% positive seroconversion in the ram-sale group for 1987 is significantly less than the 19.1% infection rate of 1981. Because these lambs originated from various areas within Texas, this low rate of 1.0% indicates that virus activity was less throughout the state in 1986.
During the Texas Agricultural Research and Extension Center outbreak, AGH also occurred in the Angelo State University flock in an adjacent pasture. A similar outbreak occurred in the spring of 1987 in sheep in Nebraska (G. Huff, personal communication, 1987). Serology conducted in our laboratory confirmed the presence of CVV antibodies in the ewes that had affected lambs in these two flocks. Cache Valley virus (CVV) was isolated from a horse in Michigan in 1980 9 and an AGH syndrome was reported in Michigan flocks during 1986. l4 With the known vectors and distribution of CVV in the United States and knowledge of the recent virus activity, CVV infections could become an economic concern in selected areas if exposure was at the right time of gestation. The duration of antibodies in naturally infected sheep is unknown.
Although virus was not isolated in this epizootic, the presence of specific CVV antibody in precolostral serum and in serum from ewes having affected lambs strongly suggests that CVV was the most probable cause. The similarity of this condition to Akabane infection in sheep, the distribution of virus infection, and the favorable climatic conditions for vector transmission further support the serological evidence of a viral etiology. However, transmission studies in sheep with CVV and development of AGH with virus recovery are needed. Presently, pregnant ewes experimentally inoculated with CVV are under observation. 
